On 11 March 2011, the great earthquake hit Japan, resulting in 15,895 deaths, 6156 serious injuries, and 2539 missing persons. This event affected the health and lives of older residents, and reports showed an increase in the number of people eligible for long-term care afterward. In this study, among the places affected by the 2011 Great East Japan Earthquake and tsunami, we focused on 15 municipalities, including designated municipalities based on the Special Act on Nuclear Evacuation in Fukushima Prefecture, and aimed to clarify the medium-term effects (six years post-disaster) on the long-term care certification rate and expenditure for provision of services. We used the Ministry of Health, Labour, and Welfare Monthly Status Report on Long-Term Care Insurance and the Ministry of Internal Affairs and Communications Population Register for 2011, 2014, and 2017. In 2011, we found no intergroup differences among the 15 Fukushima municipalities and other municipalities in either the long-term care certification rate or the per-person expenditure for use of services. In 2014, after the earthquake, the long-term care certification rate was 5.4% higher in the 15 Fukushima municipalities than in other municipalities for those aged 75 years or older. The rate of 2014-2017 has not increased significantly, partly because of stability after the disaster and change in the population structure. Nevertheless, the long-term care certification rate in the 15 Fukushima municipalities is higher than that of the other two groups even after six years since the earthquake. Similarly, the per-person expenditure for use of services for one month was 11,800 yen higher in the 15 Fukushima municipalities than in other municipalities in 2014, and this trend continued into 2017. Strong, ongoing governmental support is needed, especially for those aged 75 or older, following a disaster.
Introduction
Disasters cause numerous casualties [1] [2] [3] and negatively impact the survivors [4, 5] . Previous studies indicated that besides direct injuries in the disaster, there is an increase of acute stress, depression, and heart disease [6] [7] [8] [9] . Disasters particularly affect vulnerable older people [10, 11] . On March 2011, the great earthquake hit Japan, resulting in 15,895 deaths, 6156 serious injuries, and 2539 missing persons. The Fukushima power plant incident and destruction of homes caused by the resulting tsunami left many people living in evacuation centers. These events significantly affected the health and lives of older residents [12] , and reports showed an increase in the number of people eligible for long-term care [13] .
Areas in the Fukushima, Iwate, and Miyagi prefectures that were devastated by the tsunami had a higher long-term care certification rate from 2011 to 2014 compared to other areas [14, 15] . In the 190 municipalities to which the Disaster Relief Act applied, the number of residents aged 75 years and older who required medium-term care increased after the earthquake (2009 vs. 2011) [16] . We examined the change in the number of people certified for long-term care over the three-year period from 2011 to 2014 in 15 municipalities in Fukushima, including designated municipalities based on the Special Act on Nuclear Evacuation, (Iwaki city, Soma city, Tamura city, Minami-Soma city, Kawamata town, Hirono town, Naraha town, Tomioka town, Kawauchi village, Okuma town, Futaba town, Namie town, Katsurao village, Shinchi town, and Iitate village) that were particularly destroyed by the tsunami, and found that the number of people requiring minor or medium care increased [17] .
Studies to date have examined changes for about three years after the earthquake, but the impact of the earthquake may not have been short-lived and may have affected the health and behavior of residents over the medium to long term. Therefore, studying the number of people certified for long-term care and other factors from a medium-to long-term perspective would be useful.
In this study, among the places affected by the 2011 Great East Japan Earthquake and tsunami, we focused on 15 coastal municipalities in Fukushima Prefecture that were particularly devastated by the tsunami, and aimed to clarify the medium-term effects (six years post-disaster) of a major disaster, a tsunami, on the long-term care certification rate and expenditure for provision of services.
Method

Data
In this study, we used the Ministry of Health, Labour, and Welfare Monthly Status Report on Long-Term Care Insurance for January 2011, 2014, and 2017, and the Ministry of Internal Affairs and Communications Population Register for 2011, 2014, and 2017. The Monthly Status Report on Long-term Care Insurance data and Population Register data for 2011, 2014, and 2017 were combined. The number of people certified for long-term care and the number of people receiving services were obtained from the Monthly Status Report on Long-Term Care Insurance. The per-person expenditure for use of services was calculated by dividing the total cost of each service (home-based services, community, facility) by the total number of users. Long-term care certification rate was calculated by dividing the number of people certified for long-term care by the population aged 65 and over. The ratio of people aged 75 or older was calculated by dividing the population 75 years or older in the population by the population 65 years or older. The population data was obtained from the Ministry of Internal Affairs and Communications.
The municipalities were divided into three groups for inter-regional comparison: (1) 15 municipalities in Fukushima that were severely impacted by the tsunami ("15 Fukushima municipalities"), (2) municipalities in Fukushima other than those mentioned in (1) and municipalities in the Miyagi and Iwate prefectures that neighbor Fukushima ("nearby municipalities"), and (3) municipalities in other prefectures ("other municipalities").
Long-Term Care Insurance Program in Japan
Medical insurance and long-term insurance are operated by the national insurance program in Japan. Medical insurance was founded in 1961. Additionally, Japan has provided a long-term care insurance program since 2000 (social insurance system) for the increasing older population. Long-term care insurance is broadly divided into institutional services and home-based services. Receiving long-term care services requires long-term care certification. The long-term care certification process begins with an application by the individual, followed by examination of their mental and physical condition by certification screening personnel and a diagnosis from their primary physician. Based on those results, the municipality that is their insurer conducts a screening by its long-term care certification screening committee and makes the final decision on the level of care required. Aside from noneligibility, seven levels of care are available: levels 1 and 2 (support needs) and levels 3 to 7 (long-term care needs) [18] . As of the end of 2017, roughly 18% (6.42 million people) of the 34.85 million residents aged 65 years or older have been certified for long-term care need. About 86% of long-term care recipients are aged 75 years or older. With long-term care certification, the service can be paid for by insurance. Service user copayments at the rate of 10%-20% depending on their income are collected as part of the multitiered funding mechanism for the long-term care insurance program.
Analysis Method
Descriptive Statistics
To determine the status before the earthquake, the number of people eligible by care level and number of people receiving services in January 2011 were examined for the (1) 15 Fukushima municipalities, (2) nearby municipalities, and (3) other municipalities, and the rate of increase from 2011 to 2017 was examined. Care level was divided into minor (support need levels 1 or 2, long-term care need level 3), medium (long-term care levels 4 or 5), and major (long-term care levels 6 or 7), and each group was then divided into the ratio of those aged 65 years or older (population aging rate) and the ratio of those aged 75 years or older.
Analysis of Repeated Measures ANOVA
A repeated measures analysis of variance (RM-ANOVA) was performed to test for differences among the three groups, considering between the effects of time (2011, 2014, 2017) and the effects of earthquake and tsunami. The items for analysis included the long-term care certification rate and per-person expenditure for use of long-term care insurance services for 2011, 2014, and 2017. As the long-term care certification rate generally increases with increasing age, the long-term care certification rate was higher in municipalities with a larger ratio of individuals aged 75 years or older in the 65 years and older population. To eliminate the effect of that factor, the ratio of those aged 75 years or older was used as a covariate in the analysis. Mauchly's Test of Sphericity indicated that the assumption of sphericity had been violated, and therefore, a Greenhouse-Geisser correction was used. SPSS Statistics for Windows, Ver. 24 (IBM, Armonk, NY, USA) was used for the analysis.
Results
Numbers of People Eligible for Long-Term Care and People Receiving Services
The population aging rate before the earthquake (January 2011) was lower in the 15 Fukushima municipalities (26.5%) than in the nearby municipalities (28.1%) and other municipalities (27.4%). A similar trend was observed in 2014 and 2017. The ratio of old-old in the population in 2011 was the highest in the 15 Fukushima municipalities (57.6%). The ratio was next highest in the nearby municipalities (56.2%), followed by the other municipalities (52.5%). In 2017, the ratio was 53.5% in the 15 Fukushima municipalities, 54.2% in the nearby municipalities, and 51.8% in the other municipalities (Table 1) . The number of people certified for long-term care increased from 2011 to 2014 more in the 15 Fukushima municipalities than in the nearby municipalities and other municipalities among both the young-old (those aged 65-74 years) and the old-old (those aged 75 years or older) for those with minor or medium need. The ratio of those with minor needs increased more among the 15 Fukushima municipalities (increase of 25.4% for the young-old and 31.7% for the old-old) than the nearby municipalities (increase of 13.2% for the young-old and 21.8% for the old-old) and other municipalities (increase of 19.0% for the young-old and 22.6% for the old-old). The ratio of those with medium need also increased more among the 15 Fukushima municipalities (increase of 12.5% for the young-old and 30.0% for the old-old) than the nearby municipalities (increase of 3.7% for the young-old and 16.5% for the old-old) and other municipalities (increase of 6.1% for the young-old and 14.6% for the old-old). However, the ratio of those with major need for the entire 65+ population increased the least in the 15 Fukushima municipalities (3.6% increase) compared to the nearby municipalities (7.5%) and other municipalities (8.5%), and actually decreased by 10.7% among the young-old in the 15 Fukushima municipalities (Table 1) .
From 2014 to 2017, the increase in the ratio was about the same or slightly lower in the 15 Fukushima municipalities for those with minor (increase of 6.8% for the young-old and 9.7% for the old-old) and medium needs (increase of 8.6% for the young-old and 8.9% for the old-old) compared to the nearby and other municipalities. For the entire 65+ population, the ratio of those with major need increased 3.2% in the nearby municipalities and 4.1% in the other municipalities, and decreased 2.1% in the 15 Fukushima municipalities ( Table 1) .
The number of those receiving services increased more from 2011 to 2014 in the 15 Fukushima municipalities for those with minor need (24.6% increase) and medium need (25.0%) compared with the nearby municipalities (18.5% increase for those with minor need and 17.4% increase for those with medium need) and other municipalities (21.3% increase for those with minor need and 15.8% increase for those with medium need). Although the increase slowed leading up to 2017, the ratio was still higher in the 15 Fukushima municipalities for those with minor (19.5% increase) and medium needs (22.6%) compared to the nearby municipalities (14.8% increase for those with minor need and 18.4% increase for those with medium need) and other municipalities (16.1% increase for those with minor need and 20.9% increase for those with medium need). The ratio of those with major need increased less in 2014 in the 15 Fukushima municipalities (2.7%) than in the nearby municipalities (9.6%) and other municipalities (12.9%). A similar trend was seen in 2017 (Table 1) .
Results of Repeated Measures ANOVA
We examined intergroup differences among the 15 Fukushima municipalities, the nearby municipalities, and the other municipalities in the long-term care certification rate and per-person expenditure for use of long-term care insurance services ( Table 2 ). The long-term care certification rate of the people aged 75 years or older was lower in the 15 Fukushima municipalities in 2011 (25.8%) compared to the other two groups (26.1% for nearby municipalities, 28.2% for other municipalities). In contrast, it was significantly higher (p < 0.001) in the 15 Fukushima municipalities than in the other two groups in both 2014 (34.7% for the 15 Fukushima municipalities, 29.3% for the nearby municipalities, 30.3% for the other municipalities) and 2017 (36.5% for the 15 Fukushima municipalities, 30.4% for the nearby municipalities, 30.6% for the other municipalities).
Per-person expenditure for use of services over one month did not differ among the three groups in 2011, but was higher in the 15 Fukushima municipalities (155,900 yen) compared to the nearby municipalities (144,100 yen) and other municipalities (145,500 yen) in 2014. Although overall expenditure was lower in 2017 than in 2014 in all three groups, it was higher in the 15 Fukushima municipalities (147,000 yen) compared to the other two groups (138,900 yen and 134,900 yen, respectively) in 2017.
Moreover, a post hoc test was conducted after we completed an RM-ANOVA in order to determine which groups differed from each other. On the long-term care certification rate of all and per-person expenditure for use of services, there was a significant effect of time (2011, 2014, 2017) and time×groups (the 15 Fukushima municipalities, the nearby municipalities, the other municipalities) (p < 0.05; Table 3 ). 
Discussion
In this study, among the places affected by the 2011 Great East Japan Earthquake and tsunami, we focused on 15 municipalities in the Fukushima Prefecture that were particularly devastated in 2011, and tested the medium-term effects (six years) of the major disaster and the tsunami on the long-term care certification rate and expenditure for provision of long-term care services.
Long-Term Care Certification Rate Spiked in Disaster Areas and Remained Higher Six Years Later
RM-ANOVA revealed the long-term care certification rate to be roughly the same or lower in the 15 Fukushima municipalities compared to the nearby municipalities and other municipalities in 2011, but 4.4% to 5.4% higher compared with the nearby and other municipalities after the earthquake, remaining 5.9% to 6.1% higher in 2017, six years after the earthquake. The per-person expenditure for use of services over one month did not differ among the three groups in 2011, but was higher in the 15 Fukushima municipalities (155,900 yen) compared to the nearby municipalities (143,100 yen) and other municipalities (145,500 yen) in 2014, with a similar trend observed in 2017 (Figure 1 ). The higher expenditure in 15 Fukushima municipalities can be due to the growth of the number of people with medium-level certification for long-term care, and due to the declining availability of a family caregiver than in the other two groups. In particular, the long-term care certification rate of the old-old in the 15 Fukushima municipalities was 25.9% in 2011, 34.7% in 2014, and 36.5% in 2017, rising 10.7% higher six years after the earthquake and 6.4% to 8.3% higher than the nearby municipalities (4.3% increase) and other municipalities (2.4% increase) ( Figure 2 ). We did statistical comparisons that were stratified by long-term care level; however, we did not find unconventional views. Dividing by type of need revealed that the ratio of those with mild or medium need increased more after the earthquake in the 15 Fukushima municipalities compared to the nearby municipalities and other municipalities in both the young-old and the old-old. From 2011 to 2014, the increase was especially pronounced among the old-old, who showed a 31.7% increase in the ratio of those with mild need (9.9% increase for nearby municipalities and 9.1% increase for other municipalities) and a 30% increase in the ratio of those with medium need (13.5% increase for nearby municipalities and 15.4% increase for other municipalities). The increase in the 15 Fukushima municipalities from 2014 to 2017 was roughly equal to that of the other two groups. For all aged 65 or over, a sharp increase in the long-term care certification rate in the 15 Fukushima municipalities has disappeared since 2014. The baby boomers after World War II (born between 1947 and 1949) in Japan, which have a particularly large population by age group, have been included in the aged 65-74 since 2014. The proportion of young-old people (aged 65-74) with lower long-term care risk increased, while the proportion of old-old (aged 75 or older) with high long-term care risk decreased. Therefore, the long-term care certification rate of 2011-2014 has increased significantly, but the rate of 2014-2017 has not increased as much, partly because of stability after the disaster and change in the population structure. Nevertheless, the long-term care certification rate in the 15 Fukushima municipalities is higher than that of the other two groups even after six years since the earthquake. In particular, the certification rate and the long-term care certification for the old-old remain higher than the other two groups. The phenomenon that the certification rate increases after the earthquake might continue in the medium term.
In contrast, the ratio of those with major need decreased or only increased a small amount. The reason for this might be that the in-patient long-term care facilities used by many people with major care needs were damaged by the tsunami and staff at the facilities were affected by the tsunami [19, 20] , so the facilities for those who needed major care could not operate normally and those individuals were admitted to hospitals or long-term care facilities in areas not destroyed by the tsunami.
Factors Causing Increase in Long-Term Care Certification Rate and Countermeasures
The increase in those with mild or medium needs among those aged 75 years or older was dramatic in disaster-affected areas after the earthquake, and various studies have been conducted to examine the health impacts on people resulting from this earthquake.
A systematic review revealed psychological burdens such as a deterioration in mental health [21] and an increase in prevalence of post-traumatic stress disorder (PTSD) [22] , as well as deterioration in health due to living in an evacuation center or a worse living environment [23] , an increase in frailty risk [24] , spread of pneumonia [25] , and an increase in the number of people with subjective symptoms such as gastrointestinal and/or musculoskeletal symptoms [26] .
Although a positive correlation was observed between the provision of medical and nursing care services and the long-term care certification rate [27] , 10% of medical institutions were destroyed or closed due to the earthquake in disaster-affected areas [28] , and the number of people at the hospitals decreased by 25.1% [29] . As the nursing care facilities themselves also sustained structural damage [19, 20] , it is unlikely that the increase in the long-term care certification rate was due to an increase in the amount of services provided.
Disaster survivors, and especially those aged 75 years or older, sustained not only direct injuries from the earthquake, but also deterioration in their living environments and psychological effects such as PTSD, as mentioned earlier. Informal care from family and others also declined [23] , resulting in activity limitations. Together, these may have led to an increase in long-term care requirements for those with minor and medium need. This situation continued for a medium-to long-term duration. In other words, when a major disaster strikes, deterioration in the environment may lead to the need for long-term care. This suggests that strong and ongoing governmental support is needed to provide assistance with the tasks of daily living and promote social participation [30] to prevent those aged 75 years or older, who are particularly vulnerable to functional disability from losing physical and/or cognitive function, from requiring long-term care.
Study Limitations and Future Challenges
This study is one of the few studies that used national data from throughout Japan. However, the data used in this study do not provide any information on how individuals who were newly certified for long-term care after the earthquake were affected by the disaster, or their environment following the earthquake. The unreleased health data from Fukushima were a further limitation in this study. Further studies are needed to clarify the factors linked with functional decline and analyze the duration of the effects of a major disaster.
Conclusions
In this study, among the places affected by the 2011 Tohoku earthquake and tsunami, we focused on 15 coastal municipalities in the Fukushima Prefecture and analyzed the changes of the effects of a major disaster and tsunami on the long-term care certification rate and expenditure for provision of services over six years after the occurrence.
In 2011, we found no intergroup differences among the 15 Fukushima, nearby, and other municipalities in either the long-term care certification rate or per-person expenditure for use of services. In 2014, after the earthquake, the long-term care certification rate was 6.6% to 8.1% higher in the 15 Fukushima municipalities than in the nearby municipalities and other municipalities for those aged 75 years or older. Similarly, monthly per-person expenditure for use of services was 9900 to 11,800 yen higher in the 15 Fukushima municipalities than in the nearby and other municipalities in 2014, and this trend continued into 2017.
Previous studies indicated that people became certified for long-term care not only due to direct injuries in the earthquake, but also due to deterioration in their living environment after the earthquake and post-traumatic stress, and the adverse effects may be particularly notable in those aged 75 years or older, leading to mild or medium need for long-term care. Strong, ongoing governmental support is needed to assist older people, especially those aged 75 years or older, following a disaster.
